The purpose of this study was to assess the psychometric properties of a German version of the Ford Insomnia Response to Stress Test with groups with and without sleep problems. Three studies were analysed. Data set 1 was based on an initial screening for a sleep training program (n = 393), data set 2 was based on a study to test the test-retest reliability of the Ford Insomnia Response to Stress Test (n = 284) and data set 3 was based on a study to examine the influence of competitive sport on sleep (n = 37). Data sets 1 and 2 were used to test internal consistency, factor structure, convergent validity, discriminant validity and test-retest reliability of the Ford Insomnia Response to Stress Test. Content validity was tested using data set 3. Cronbach's alpha of the Ford Insomnia Response to Stress Test was good (a = 0.80) and testretest reliability was satisfactory (r = 0.72). Overall, the one-factor model showed the best fit. Furthermore, significant positive correlations between the Ford Insomnia Response to Stress Test and impaired sleep quality, depression and stress reactivity were in line with the expectations regarding the convergent validity. Subjects with sleep problems had significantly higher scores in the Ford Insomnia Response to Stress Test than subjects without sleep problems (P < 0.01). Competitive athletes with higher scores in the Ford Insomnia Response to Stress Test had significantly lower sleep quality (P = 0.01), demonstrating that vulnerability for stress-induced sleep disturbances accompanies poorer sleep quality in stressful episodes. The findings show that the German version of the Ford Insomnia Response to Stress Test is a reliable and valid questionnaire to assess the vulnerability to stressinduced sleep disturbances.
IN TROD UCTI ON
Insomnia is an extremely common disorder, with prevalence rates ranging from 6% to 9% in the general population. According to DSM-5, one-third of the general population suffers from insomnia symptoms without fulfilling diagnostic criteria for insomnia and 10-15% show sleep-related daily impairments (American Psychiatric Association, 2013) , and German epidemiological evidence specifies a prevalence rate of 5.7% in a German sample (Schlack et al., 2013) . Insomnia is known to be associated strongly with long-term somatic and psychosocial consequences, e.g. increased risks of major depressive disorder, hypertension, myocardial infarction, increased absenteeism, reduced productivity at work, reduced quality of life and increased economic burden (American Psychiatric Association, 2013) . According to the International Classification of Sleep Disorders (ICSD), stress is listed as the main aetiological factor for primary (psychophysiological) insomnia (American Academy of Sleep Medicine, 2005) . This is also reflected in the 3P model of insomnia (Spielman et al., 1987) , which includes stress as a precipitating factor interacting with predisposing and perpetuating factors in the aetiology of insomnia, especially acute insomnia. There are a number of cross-sectional questionnaire and interview studies supporting the assumption of a relationship between stress and sleep ( Akerstedt et al., 2002; Knudsen et al., 2007; Urponen et al., 1988) . Furthermore, the relationship between stress and sleep is supported by prospective studies ( Akerstedt et al., 2012; De Lange et al., 2009; Jansson and Linton, 2006) . Identifying vulnerability for developing insomnia is thus important (Nakajima et al., 2014) , in order to intervene as early as possible and reduce the negative consequences of insomnia.
The Ford Insomnia Response to Stress Test (FIRST) is a measuring instrument to assess vulnerability for stressinduced sleep disturbances (Drake et al., 2004) . The authors showed that during the first night in a sleep laboratory, which is regarded as a stressful event, individuals with higher FIRST scores exhibit lower sleep efficiency, longer sleeponset latency and increased percentage of Stage 1 sleep on nocturnal polysomnography than individuals with lower scores in the FIRST. Furthermore, the authors could show that individuals who reported vulnerability to stress-related sleep disturbances had a prolonged latency concerning persistent sleep in response to a pharmacological stressor, e.g. caffeine (Drake et al., 2006) . Since its publication, the FIRST has been shown to be predicted by dysfunctional beliefs about sleep (Palagini et al., 2016) and to be related to cognitive-emotional hyperarousal (Fern andez-Mendoza et al., 2010) , and has been used to examine familial aggregation in the context of vulnerability to insomnia (Drake et al., 2008) or to investigate the genetic and environmental influence on insomnia and sleep reactivity (Drake et al., 2011) . Its psychometric properties have been determined for other languages, e.g. Japanese (Nakajima et al., 2014) , Italian (Palagini et al., 2016) and Spanish versions (Gelaye et al., 2016) , and proved to be comparable to the original English version.
In order to afford a scientifically grounded usage of the FIRST in German-speaking areas, the present study intended to assess the psychometric properties of a German version. To the best of our knowledge, this is the first study to test the psychometric properties of a German version of the FIRST.
METHODS

Participants
Inclusion criteria for the present analysis were a minimum age of 18 years and the completion of at least the FIRST, the Pittsburgh Sleep Quality Index (PSQI) and the Beck Depression Inventory (BDI). Only participants from data set 1 additionally completed the Stress-Reactivity Scale (SRS). Data set 1 included 393 participants (310 females, 83 males). The mean age was 36 years [standard deviation (SD) = 12.99], with a range from 18 to 71 years. Data set 2 included 284 participants (244 females, 40 males). The mean age was 27 (SD = 7.87) years, with a range from 18 to 64 years. Of these participants, 143 (125 females and 18 males) completed the questionnaire a second time. The mean age was 27 (SD = 7.56), with a range from 18 to 58 years. Data set 3 included 37 participants (18 females, 19 males). The mean age was 24 (SD = 3.76), with a range from 18 to 31 years. In accordance with local standards, ethic approval was not required.
Procedure
Data set 1 comprised a sample of participants who wanted to attend a sleep training or an online-based sleep self-help program. All participants completed an online survey created with the online survey tool Unipark© (Questbeck, K€ oln, GmbH). Using cookies and a personally created participant identification code, participants were prevented from taking the survey twice. The survey consisted of questionnaires about sleep, a measuring instrument to assess vulnerability for stress-induced sleep disturbances, depressive symptoms, mindfulness, stress reactivity, sociodemographic information (e.g. gender, age, weight, height) and further screening information (psychiatric diseases, somatic disease, drug use, alcohol consumption, etc.). Data set 2 was intended explicitly to assess the test-retest reliability. As an incentive for participation, participants were told that they would have the possibility to have their sleep quality tested. Participants completed an online survey that included questionnaires about sleep, a measuring instrument to assess the vulnerability for stress-induced sleep disturbances, depressive symptoms and some sociodemographic and screening questions. After completion, participants received feedback about their sleep quality. Two weeks later they were contacted again to complete the survey a second time. Data set 3 was based on a sample of competitive athletes who were recruited to investigate the influence of competitive sport on sleep. They completed the same online survey as the participants from data set 1. Competitive athletes can be expected to experience a great deal of stressful events during their everyday life. There is empirical evidence that competitive athletes are more stressed than the general population (Richartz et al., 2008) . Consequently, data produced by a sample from this special population were included in the present analysis. A stressful lifestyle, as well as high vulnerability to stress-induced sleep problems, should foster a reduced quality of sleep. The competitive athletes were divided into two groups based on a median split of the FIRST total score (high vulnerability ≥20; n = 20; mean = 24.85 AE 4.38 and low vulnerability <20; n = 17; mean = 14.41 AE 2.03). Drake et al. (2004) also used a median split with a median of 20. Internal consistency, factor structure and convergent validity were evaluated by collapsing data sets 1 and 2. A further analysis of the convergent validity was performed with data set 1. Data set 2 was used to assess the test--retest reliability. Data set 3 was used to test content validity.
Measures
Ford Insomnia Response to Stress Test
The FIRST is a nine-item self-report questionnaire and assesses the likelihood of sleep disturbances in response ª 2017 European Sleep Research Society to commonly experienced stressful situations. The nine items are rated on a four-point Likert scale (1 = not very likely, 4 = very likely) and the total score ranged from 9 to 36. A higher score indicated higher probability for stress-induced sleep disturbances. Evaluation of the psychometric properties showed reliable and valid results (Drake et al., 2004) . The English version of the FIRST was translated into German and then retranslated from German into English by different people with psychological background knowledge and good skills in both languages.
Pittsburgh Sleep Quality Index
The PSQI is a self-report questionnaire, consisting of open and rating-scale questions, to assess sleep quality and disturbances during a period of 4 weeks. Items 1-4 are open questions and a 4-point Likert scale was used to rate the remaining items. The total score ranged from 0 to 21 and represents the subsumed scores of seven subscales. A total score > 5 was associated with poor sleep quality (Buysse et al., 1989) . Good psychometric properties could also be shown in a German sample (Backhaus et al., 2002) .
Beck Depression Inventory
The BDI is a self-report questionnaire to evaluate the severity of depressive symptoms during the last 2 weeks. The 21 items were rated on a 4-point Likert scale (0 = no symptoms, 3 = severe symptoms); the total score ranged from 0 to 63, and a higher score indicated more intense depressive symptoms. The psychometric properties have been evaluated in multiple studies, including for a German version (Kuhner et al., 2007) .
Stress-Reactivity Scale
The SRS is a self-report questionnaire evaluating the tendency to react emotionally or physically to a stressful event. In each of the 29 items, a stress-arousing situation is described and participants has to choose one of three different options that reflected varying degrees of stress reactivity. The item scores can be used to compute six different subscales (stress reactivity by overwork, social conflicts, social assessment, failure, prestress phase and poststress phase). The total score comprised the six subscale values and ranged from 29 to 87. A higher score indicated intense stress reactivity. The evaluation of the psychometric properties showed reliable and valid results (Schulz et al., 2005) .
Data analysis
Data analysis was conducted with SPSS version 22 for Windows and Mplus version 6. Shapiro-Wilk tests were used to check data for normality. To estimate the internal consistency of the FIRST, standard Cronbach's a coefficient was calculated and Spearman's correlation coefficient was used to evaluate test-retest reliability, because the data were not distributed normally. Because the data did not follow a normal distribution, Spearman's correlation coefficient was also used to assess the convergent validity. Differences in means between subjects with and without sleep problems and high and low vulnerability, competitive athletes were analysed using a t-test. In line with the literature on factor analyses (Flora and Curran, 2004; Holgado-Tello et al., 2010) , an exploratory factor analysis with oblique quartimin rotation and an ordinal estimator, the robust weighted least-squares method (WLSMV), was executed. The model fit [(root mean square error of approximation (RMSEA) and the comparative fit index (CFI)] was assessed and the factor loadings were estimated. Criteria for a good model fit were RMSEA values <0.06 and CFI values >0.95 (Hu and Bentler, 1999) . A RMSEA ≤0.08 was considered an adequate model fit (Christ and Schl€ uter, 2012) . According to Tabachnik's and Fidell's rule of thumb, items with a factor loading >0.32 was interpreted as meaningful (Tabachnick and Fidell, 2013) .
RESULTS
Descriptive statistics, internal consistency, normal distribution and test-retest reliability Table 1 presents means and SD of the FIRST total score, items of the FIRST, PSQI, BDI and SRS both separately for data sets 1 and 2 and for both taken together. For data sets 1 and 2 taken together, Cronbach's alpha of the FIRST was 0.80 and the item total correlation ranged from 0.29 to 0.64. According to the Shapiro-Wilk test, none of the variables (FIRST 1-FIRST 7, FIRST total, PSQI, SRS, BDI) was distributed normally. Most individual items and the total score of the FIRST had satisfactory test-retest reliability (Table 1) . The test-retest reliability estimated with Spearman's correlation coefficient was 0.72 for the total FIRST score and ranged from 0.49 to 0.70 for the individual items. Table 2 shows significant correlations between FIRST and PSQI, BDI and SRS. In data set 1 the correlation between total the FIRST score and the SRS total score was strong (r = 0.53, P < 0.01). In data sets 1 and 2 taken together the correlation between the FIRST and the PSQI was moderate (r = 0.43, P < 0.01), as was the correlation between the FIRST and the BDI (r = 0.39, P < 0.01). In data set 1 the correlation between FIRST and the PSQI was weak (r = 0.16, P < 0.01).
Convergent validity
Discriminant validity
Group means from subjects with (PISQI > 5) and without sleep problems (PSQI ≤ 5) differed significantly with regard 
Content validity
Group means of the competitive athletes divided into two groups (by a FIRST median split) with high and low vulnerability, respectively, differed significantly with regard to PSQI values (high vulnerability: mean = 6.25, SD = 2.80; low vulnerability: mean = 4.12, SD = 1.76), t (35) = -2.71, P = 0.01. Table 3 shows the fit indices of different exploratory factor analysis (EFA) models. The correlation between factors 1 and 2 was significant, r = 0.44, P < 0.05, between factors 1 and 3 was significant, r = 0.60, P < 0.05 and between factors 2 and 3 was significant, r = 0.47, P < 0.05.
Factor analysis
The fit indices of the different EFA models show that the three-factor model had the best statistical fit. According to Tabachnik's and Fidell's rule of thumb (>0.32), items 3 (after a stressful experience in the evening), 4 (after getting bad news during the day) and 6 (after having a bad day at work) showed meaningful loadings on factors 1 and 3 (Tabachnick and Fidell, 2013) . However, no meaningful factor loading for item 5 (after watching a frightening movie or TV show) was revealed. Table 4 shows the factor loadings. Furthermore, a three-factor solution was conceptually implausible.
The two-factor model showed an adequate model fit according to the RMSEA (0.080). Compared to the RMSEA, the CFI indicated a good model fit (0.982). The correlation between factors 1 and 2 was significant, r = 0.51, <0.05. In the two-factor model it was not possible to distribute each FIRST item to only one factor based on its factor loading. Item 5 (after watching a frightening movie or TV show) loaded weakly on both factors (0.192 on factor 1, 0.273 on factor 2), and could not be assigned to one of these factors. Table 5 shows the factor loadings of the two-factor solution. The first factor was named 'poststressful event', indicating that those factor items refer to the sleep difficulties after stressful events. In contrast, factor 2 was named 'prestressful' event, indicating that those items referred to sleep difficulties before a stressful event.
In the context of these results, the internal consistency for the two factors were calculated. Cronbach's a coefficient for factor 1 (poststressful event) comprising items 2, 3, 4, 6 and 7 was 0.85. Cronbach's a coefficient for factor 2 (prestressful event), including items 1, 8 and 9, was 0.59. Table 6 shows the factor loadings for the one-factor model. All items except item 9 showed meaningful factor loadings.
DISCUSSION
The present study shows that the German version of the FIRST is a reliable and valid instrument to assess the vulnerability to stress-induced sleep disturbances. The internal consistency was good (r = 0.80), which is comparable to the original version's Cronbach's a coefficient of 0.83 (Drake et al., 2004) , to the validation of the Japanese version of the FIRST with a Cronbach's a coefficient of 0.89 for insomnia patients and 0.87 for healthy subjects (Nakajima et al., 2014) and to the validation of the Italian version with a Cronbach's a coefficient of 0.86 for insomnia patients and 0.79 for healthy subjects (Palagini et al., 2016) . The test-retest reliability was satisfactory (r = 0.72), but lower compared to the original version (r = 0.92) (Drake et al., 2004) . It is worth mention that in the present study the sample was much larger than the sample that had been used to test the test-retest reliability in the original study (Drake et al., 2004) . Also, the original (Drake et al., 2004) and the Japanese versions (Nakajima et al., 2014) of the FIRST showed a one-factor structure. Although the results of our factor analysis indicate that a twofactor model is a statistically and theoretically plausible solution, it should be taken into account that the internal consistency of factor 2 is too weak to justify the establishment of two scales. In general, a Cronbach's a value between 0.7 and 0.8 is acceptable (Field, 2009) , which makes the onefactor model preferable to the two-factor model despite poorer model fit. Furthermore, all items except item 9 show meaningful factor loadings. Therefore, the FIRST and its Tabachnick and Fidell (2013) . *P < 0.05 Table 6 The estimated factor loadings of the one-factor model (n = 886, with quartimin rotation method and WSLMV estimator in Mplus) for the FIRST items Validation of the FIRSTGerman version should be regarded as one scale. This is in line with other findings (Gelaye et al., 2016) . In the Japanese version (Nakajima et al., 2014) of the FIRST, the factor loading for item 9 (before going on vacation next day) was also lower than in the original questionnaire. The authors conclude that this difference is due possibly to cultural differences between participants in Japan and in the United States. This could also be true for our German version. To investigate the convergent validity correlations between the FIRST scores, sleep, depression and stress reactivity were calculated. As expected, results show that the correlation between FIRST values and stress reactivity was high (r = 0.53) and between FIRST and sleep quality was moderate (PSQI; r = 0.43) for data sets 1 and 2 taken together. The same was found for data set 2 (PSQI; r = 0.37). In data set 1, based on a sample with sleep problems, the correlation between the FIRST scores and sleep quality was low (PSQI; r = 0.16). This is in line with the validation of the Japanese version of the FIRST, in which differences between the sample with and without sleep problems were found. The authors report no significant correlation between sleep quality and FIRST values in the insomnia patients' sample, and only a low correlation between sleep quality and FIRST scores (r = 0.22) could be observed in a non-clinical sample (Nakajima et al., 2014) . Stronger correlations in a non-clinical sample compared to the sample of insomniacs could be explained by a selectionbased limitation of the variance of the sleep quality. A further plausible explanation could be that vulnerable but healthy subjects react to stress with sleep problems, and in the case of subjects with insomnia the effect is overlaid by the chronicity of sleep problems. They may not recognize a difference in their sleep quality before or after a stressful situation because they always expect poor sleep quality.
The findings for the correlation between depression and FIRST values showed similar results. In the current studies the correlation in the collapsed data sets 1 and 2 was moderate (r = 0.39), which was also true for data set 2 (r = 0.37). However, the correlation between depression and FIRST values in the sample based on individuals with sleep problems was low (r = 0.21). Again, stronger correlations in a non-clinical sample compared to the sample of insomniacs could be explained by a selection-based limitation variance in BDI scores.
Furthermore, a sample with self-ascribed competitive athletes (data set 3), representing a group exposed to many stressful events in their lives, was split into two groups according to their FIRST values. The results showed that the group with low FIRST values had better sleep quality than the group with higher FIRST values. This supports the assumption that the FIRST assesses vulnerability to stress-induced sleep disturbance.
Several limitations of this study are worth mention. Despite the large overall sample size, genders were not represented equally. The proportion of females was 78.8% in data set 1 and 85.9% in data set 2. This could potentially limit the transferability of the results to the general population. However, insomnia is more prevalent in women (gender ratio: 1.44 : 1; American Psychiatric Association, 2013). The discriminant validity becomes evident in the finding that subjects with sleep problems had a significantly higher score in the FIRST compared to subjects without sleep problems. At this point, it would be interesting to investigate whether a significant difference would also be found for the SRS as an instrument for general stress reactivity unrelated to sleep. In the current design, it was not possible to test this because the SRS was used only in the sample with sleep problems (data set 1). Also, it would have been interesting to test the relationship to state and trait anxiety for additional construct validation (e.g. Palagini et al., 2016) as well as further psychological disorders related to sleep disturbance, e.g. depression or anxiety disorders (American Psychiatric Association, 2013). Another important aspect would be to identify a cutoff point for individuals with a high risk for stress related insomnia, which requires a longitudinal design to track the development of sleep disorders in vulnerable individuals (Kalmbach et al., 2016) . This could be especially valuable for prevention which, in turn, could be beneficial for the health system in terms of saving treatment capacities and resources. The data presented here contribute to further use for research and practice and allow application in German-speaking areas.
CONC LUSION
The German version of the FIRST is a reliable and valid instrument to assess vulnerability to stress-induced sleep disturbances. It is easy to handle, affords time-saving application and is suitable for research as well as for medical care and psychotherapy.
